Compostos b-amino-dicarbonilados constituem uma classe de ligantes promissores para a química de coordenação. Diante desta perspectiva, um método eficiente e fácil visando à síntese de compostos b-amino-dicarbonilados foi desenvolvido, explorando a reação de adição do tipo azo-Michael em meio aquoso. Com isso, uma série de dez dietil 2-(feniletil)malonatos dissubstituídos foram obtidos de uma maneira regiosseletiva e facilmente purificados, levando à rendimentos satisfatórios. As análises cristalográficas de dois destes compostos forneceram as informações apropriadas sobre a conformação e configuração dos mesmos. Por último, uma proposta complementar do mecanismo reacional para as reações de adição de Michael em meio aquoso foi também descrito.
Introduction
The rational design of new HIV-1 Integrase (HI) inhibitors, a valid target for chemotherapeutic intervention, 1 is primarily based on intermolecular coordination between HI / chemical inhibitor / metals (Mg 2+ and Mn
2+
, co-factors of the HI), leading to the formation of bimetallic complexes. 2, 3 A number of bimetallic metal complexes, in many cases exploring the well-known polydentate ligands, appear therefore in this context to be the most promising drug candidates to HI inhibitors. 4, 5 Another interesting application for such polydentate ligands involves the synergic water activation that occurs by way of the so-called 'remote metallic atoms'. Such organometallic compounds are considered in structural terms to block the intramolecular electron transfer on the HI structure. 6 This explanation clearly demonstrates that polydentate ligands are of special interest in the field of bioorganometallic chemistry. 7 In view of our interest in designing novel bimetallic coordinating ligands 8 endowed with potential action to inhibit the HI enzyme, the object of this study is the synthesis of polydentate ligands with the same topology, as drawn in Figure 1 . 9 For preparation of such polydentate ligands, the aza-Michael reactions appear to be the key-step leading the expected b-amino esters adducts. 10 In fact, this kind of reaction has been widely employed to generate structurally diverse b-amino dicarbonyl compounds, where the undoubted importance of the aza-Michael step can be seen from the large number of unconventional methodologies, as well as the broad range of applications.
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Most of these unconventional methodologies have used Lewis acids, which although leading to satisfactory yields, require to remove the Lewis acids through tediously chromatography. 12 Moreover, the use of an aqueous medium also has been successful achieved. 13 As a drawback, the use of substituted alkenes, such as benzylidene-malonic acid diethyl ester, is rarely reported in the literature. These substrates are expected to be less reactive or conversely more resistant to undergo the Michael condensation, resulting in low conversion of the desired adducts.
14 For a synthetic point of view, this is a considerable limitation on the aza-Michael reaction process and poses a significant challenge.
To this end, we decided to investigate the feasibility of applying the aza-Michael reactions to the more challenging substituted alkene derivatives. Our plan also included the application of this key-step to the synthesis of a novel set of polydentate ligands, in order to highlight the versatility of the procedure as well as to generate some insights regarding the reaction mechanism.
Results and Discussion
Firstly, diethyl 2-benzylidenemalonates (4a-d) were prepared from the classical condensation of benzaldehydes with diethyl malonate under ethanol reflux, using piperidine and glacial acetic acid as a catalyst system. This procedure furnished the intermediates, 2-arylidene-malonic acid diethyl esters (4a-d), very quickly and in excellent yields (Scheme 1).
To understand the scope and limitations of the azaMichael reactions, compound 6 was chosen as the model reaction because of its thermostability and also because piperidinyl is considerably less reactive when employing the traditional Michael protocols. Some of these conditions are presented in Table 1 . During the investigation of experimental conditions, it was possible to observe that the acid catalyst (HOAc, 0.1 mL) accelerates such reactions. Interestingly, only a short reaction time (3 h) was required to furnish product 6 on very good yields with no detected by-products (Table 1 , entries 4 and 5). In contrast, neither the presence of co-solvent (EtOH) nor the heating were crucial, the yields remaining similar to or lower than those expected when using pure water (entries 2 and 3). Boric acid also well works, but it was necessary additional purification by chromatography. Apart from the aqueous medium, the use of dichloromethane as solvent at catalystfree condition led to low conversion (yield < 20%) of the desired product 6, in agreement with the previous results by Shou and colleagues. Having determined the best conditions, it was identified that precursors 4a-d reacted satisfactorily, albeit slowly, with various secondary amines under catalyst-free conditions to provide the desired adducts 6-15 in good to excellent yields, along with regioselectivity and without needs of column chromatography (Table 2) . Moreover, the reactions proceeded normally even when the methoxy group was attached on aromatic ring (14 and 15), in contrast with the protocol described by Shou and colleagues. 15 It is worth noting that the yields were found to be essentially the same as those obtained when the reactions were performed under either the presence or absence of the acid catalyst (HOAc). These results suggest that the acid catalyst accelerates the aza-Michael reactions under these substrates.
These products were characterized using spectroscopic and micro-analytical data. Compounds 8 and 9 were crystallized from ethanol solutions and gave single crystals suitable for X-ray analysis. These single crystals displayed centrosymmetric space groups for both compounds, indicative that each crystalline structure was composed of both enantiomers. An ORTEP view of the polydentate ligands 8 and 9 are shown in Figures 2 and 3 , while the crystal data for these are reported in Table 3 and the bond lengths and angles of compound 9 are summarized in supplementary material. In the molecular structure of 9, the nitrogen (N2) and the two oxygen (O1 and O3) of the carbonyl groups are in cisoidal / transoidal conformations, with respective dihedral angles of the 0.04(1), 145.7(2) and 88.3(1) for the planes O1-C3-C6-O2, O1-C3-C1-N1 and O3-C6-C1-N1. We have note that after the trans addition around the C1=C2 double bond; the observed angles were quite different from 180° [H1-C1-C2-H2 = 176.9(2), C3-C2-C1-C9 = 56.9(1) and N1-C1-C2-C6 = 60.6(9)]. In fact, these untypical values were confirmed by the angle of atoms in trans positions, which was again different of 180°, as the example the [N1-C1-C2-H2 = −60.3(5)]. More unexpected, it was possible to observe that, in contrast with the polydentate ligand 8, the crystal structure of the ligand 9 was stabilized by one unusual intramolecular type-H bonding within the C-Cl +d…-d N=C, resulting in an interesting 3D network, as depicted in Figure 4 .
In light of this interesting finding, we decided to apply several primary amines (arylamines, benzylamines, 1,4-phenylenediamine and unprotected amino acids) using this same synthetic protocol, but the presence of the desired products was no longer observed in all the cases using either prolonged reaction times or a large excess of amines. In contrast to secondary amines, which enabled functionalized polydentate compounds 6-15 to be obtained in good to excellent yields, the reaction of 4a-d with the primary amines (arylamines, benzylamine and paraphenylenediamine) in water did not furnish the expected polydentate ligands bearing the central RN-H group, either the nucleophilic character of the nitrogen atom of the amine. This proposed mechanism would seem to present a plausible and satisfactory explanation of the formation of enol intermediates. To complement this, we would like to address the issue of why this protocol did not work well with primary amines. Since the chemical behaviour of primary and secondary amines undergoing these azaMichael reactions is quite different, it is plausible to suggest that secondary amines in an aqueous medium probably give rise to the formation of ammonium species, which easily attacks the electrophilic alkene, thereby furnishing the unstable intermediate of addition with subsequent proton abstraction from protonated water by way of the enolate. On the other hand, using primary amines under aqueous medium probably results in the formation of ammonium salts. This implies that these ammonium salts are catalytically deactivated species or, conversely, less nucleophilic and thus less susceptible to attack from the respective alkenes (Scheme 2). Furthermore, the in the presence of the acid catalyst (HOAc) or with the addition of more than one equivalent of aniline. Moreover, the mechanism for formation of the azaMichael adducts should be mentioned. This is different from the Lewis acid-promoted aza-Michael reactions, in that such Lewis acids function by activating the unsaturated double bond, generating a nucleophilic attack by way of chelation of the 1,3-dicarbonyl core. More recently, Ranu and Banerjee 13 have argued that the aqueous medium creates a dual action through the H-bonds, increasing equilibrium steps occurring in the course of the aza-Michael reactions are probably the slowest, and are, consequently, speeded up when an acid catalyst is used. Additionally, a referee commented that the water effect in reactions with amines is more complex than dual activation. This statement is genuine and we agree with him. For instance, the nature of species generated from mixture of primary / secondary amines and water depends on the nucleophilicity of the employed amine. 16 Likewise, solubilization of reactants and products in water is usually of relevancy to get desirable yields in such aza-Michael reactions.
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Conclusions
One important result of this study was a straightforward synthesis of ten novel 2-(aryl-disubstituted amino-1-ylmethyl)-malonic acid diethyl esters (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) , which constitute a functionalized class of polydentate ligands. Despite prolonged reaction times, this aza-Michael protocol led to higher yields in an aqueous medium at room temperature, and consequently, would appear to be a simple and useful synthetic protocol. Considering their high efficiency on the gram-scale synthesis, in addition to the especially high purity of the final products, this protocol appears to be of use for synthesis and pharmacological screening of drug candidates.
Experimental
General methods
Synthesis of intermediates 4a-d
To a solution of ethyl malonate (15 g, 93 mmol) in 40 mL of ethanol, were added the respective aldehyde (100 mmol), 1.5 mL of piperidine and 1 mL of glacial acetic acid. Then, the mixture was stirred at refluxing temperature of ethanol for 12 h, until thin-layer chromatography indicated the complete consume of the starting material. After removing solvent, the crude product was washed with a saturated solution of sodium bisulfite (20 mL). The product was extracted by diethyl ether (2 × 20 mL), dried with sodium sulphate and evaporated to give the respective pure oil.
General procedure for the synthesis of compounds 6-15
To a solution of the intermediate 4a-d (8.1 mmol) in water (25 mL) was added the respective secondary amine (6 mmol) at the presence or absence of acetic acid (0.1 mL) and the mixture was stirred at room temperature until the complete consume of the starting material. After removing solvent, the crude products were dissolved in diethyl ether (2 × 40 mL) and washed with water until the pH became neutral. The organic solvent was dried with sodium sulphate and then evaporated to give the respective pure compound. 
